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Abstract
We examine the eect of an anomalous flavor changing chromo-
magnetic moment which allows direct top quark production (two par-
tons combining into an unaccompanied single top quark in the s-
channel) at hadron colliders. We consider both t-c-g and t-u-g cou-
plings. We nd that the anomalous charm quark coupling parameter
c= can be measured down to :06 TeV
−1(:009 TeV−1) at the Teva-
tron with the Main Injector upgrade(LHC). The anomalous up quark




With the discovery of the top quark [?, ?], the long anticipated completion of
the fermion sector of the standard model has been achieved. Its unexpected
large mass in comparison with the other known fermions suggests that the
top quark may play a unique role in probing new physics, and has prompted
both theorists and experimenters alike to search for anomalous couplings
involving the top quark. On the experimental side, the CDF [?, ?] and D0
[?] collaborations have begun to explore the physics of top quark rare decays
[?]. On the theoretical side, a systematic examination of anomalous top quark
interactions, in a model independent way, has been actively undertaken[?, ?].
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One possible set of anomalous interactions for the top quark is given by















tGa + h:c: ; (2)
where  is the new physics scale, c and u dene the strengths of the
couplings, and Ga is the gauge eld tensor of the gluon. The investigation
of these couplings is well motivated. Although these operators can be induced
in the standard model through higher order loops, their eects are too small
to be observable[?]. Therefore, any observed signal indicating these types of
couplings is direct evidence for physics beyond the standard model.
It has been argued that the couplings in Eqs. (1) and (2) may be sig-
nicant in many extensions to the standard model, such as supersymmetry
(SUSY) or other models with multiple Higgs doublets [?, ?, ?, ?], models
with new dynamical interactions of the top quark[?], and models where the
top quark has a composite[?] or soliton[?] structure. In particular, Ref. [?]
suggests that the supersymmetric contributions to a t-c-g vertex may be large
enough to measure at a future hadron collider.
T. Han et. al.[?] have placed a limit on the top-charm-gluon coupling
strength, c, by examining the decay of the top quark into a charm quark and
a gluon. They nd an upper limit on c= of :43(:65) TeV
−1 with(without)
b-tagging for 200 pb−1 of data at the Tevatron. If the c and u jets are not
distinguished, their result applies equally well to u=, if one uses the up
quark coupling alone, or to the sum, added in quadrature, when both are
considered.
In this paper, we will examine these operators in a model independent way
using direct top quark production at the Fermilab Tevatron and at the CERN
LHC. In this scenario, a charm (or up) quark and a gluon from the colliding
hadrons combine immediately to form an s-channel top quark, which then
decays. The production of a single, unaccompanied top or anti-top quark
is very small in the standard model. For simplicity, we consider couplings
to the up quark and to the charm quark independently. We will take as
our signal only the case where the top quark decays to a b quark and a W
boson. While the t ! cg (or ug) decay will occur in the presence of the
anomalous couplings given in Eqs. (1) and (2), it is smaller than the t! bW
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Figure 1: Feynmann diagram for direct top quark production and subsequent
decay into bll
decay for = < :75 TeV−1, and will have a negligible branching ratio for
= < :2 TeV−1. Given the existing upper bound of the anomalous coupling
mentioned earlier [?], t ! bW will be the dominant decay mode of the top
quark. Since the W boson decay into a charged lepton (electron or muon)
and its corresponding neutrino has an identiable signature, we consider only
the t! bW ! bll decay for our signal. With the decays so chosen, we nd
that the backgrounds are manageable, as will be discussed in detail later.
Direct Top Quark Production
We have calculated tree level cross sections for direct top quark production,
pp! t! bW+ ! bl+l, using the flavor-changing chromomagnetic moments
in Eqs. (1) and (2) (see Fig. 1). The l+ in this process is either a positron or
an anti-muon, and l is its corresponding neutrino. We also included direct
anti-top production in our calculation (pp! t! bW− ! bl−l). The parton
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